Radiation-induced necrosis is commonly seen after radiotherapy for nasopharyngeal carcinoma (NPC), but a post-irradiation brain abscess is rarely encountered and easily overlooked, which may lead to a dismal outcome. We describe two Chinese men with cerebral herniation caused by temporal lobe abscess within a radio-necrotic lesion presenting only with headache and neurological defects. Cranial magnetic resonance imaging (MRI) or computed tomography (CT) showed cystic lesions in the temporal lobe with a severe mass effect. Both patients had brain herniation before emergency operations. Therefore, our findings suggest that a post-irradiation brain abscess may insidiously develop into disastrous herniation, and regular multi-modality neuroimaging follow-up should be carried out to help avoid this situation.
Introduction
Nasopharyngeal carcinoma (NPC) is a common malignancy in the Asian Chinese population [1, 2] . As the most effective means of treatment, radiotherapy is used increasingly for both initial treatment and subsequent recurrence. Meanwhile ， aggressive radiotherapy increases the possibility of cerebral damage as a serious side effect. NPC patients are commonly seen years later with symptomatic temporal lobe edema due to radio-necrosis [3, 4] . Specifically, postirradiation brain abscesses can form within the necrotic lesions, which may develop insidiously into brain hernia. Post-irradiation brain abscess has seldom been reported; hence we describe two patients in this situation and provide a systematic review.
Case report

Case 1
A 67-year-old man had a history of NPC for 9 years, with two radiotherapies and two surgeries for original and recurrence treatments. A followup MRI indicated bilateral temporal lobe necrosis with a left cystic lesion, which was considered necrotic ( Figures. 1 A-D) . The patient was admitted to hospital for severe headache with neither fever nor elevated white cell count. Medications, including mannitol and steroids, were given. However, he suddenly lost consciousness the day after admission and this was considered to be the result of brain herniation. Emergency cranial MRI showed bilateral temporal lobe radio-necrosis with cystic lesions; the left cystic lesion measured 5 cm × 4 cm with surrounding vasogenic edema ( Figures. 1 E, F) . The patient immediately underwent a left temporal craniotomy. Intra-operative findings were of a 5 cm × 5 cm abscess in the left temporal lobe with 60 ml pus. Histological examination confirmed brain abscess ( Figure. 2A ). After operation, the abscess disappeared and the compression on the brain stem was released ( Figures. 2 B, C) . The patient recovered quickly. The modified Rankin Scale (mRS) score was 3 after two months. 
Case 2
A 65-year-old man with a history of NPC was admitted for sudden behavioral abnormalities, sensory aphasia and unstable gait. The patient received a first radiotherapy treatment (12 years ago) and then a second (8 years ago) for NPC recurrence. On admission, the patient was confused but afebrile with a normal white cell count. Neurological examination showed a left positive Babinski sign and mild limb weakness. The cranial MRI ( Figure 3A) showed bilateral cystic lesions with severe vasogenic edema. The cystic lesion in the right temporal lobe showed high signal intensity on the diffusion weighted image (DWI) ( Figure 3B ), low signal intensity on the apparent diffusion coefficient (ADC) ( Figure  3C ), and had rim-like contrast enhancement ( Figures 3D, E) . The proton MR spectrum (MRS) ( Figure 3F ) demonstrated a decreased N-acetyl aspartate (NAA) level at 0.9 ppm with a lactate peak centered at 1.3 ppm. The patient was diagnosed as having a post-irradiation brain abscess and the condition was managed with appropriate antibiotics, mannitol and corticosteroid. However, ten days after admission, the patient suddenly became comatose and was considered to have had a brain herniation. Urgent cranial CT ( Figure 4B ) demonstrated a right temporal lobe abscess with a midline shift. A craniotomy together with excision of the abscess cavity was performed. Histological examination confirmed abscess tissue, and no evidence of tumor recurrence was detected ( Figure 4A ). Postoperative cranial CT showed disappearance of the edema in the right temporal lobe ( Figure 4C ). The patient recovered well. Three months later, the mRS score was 3. 
Systematic review
Relevant publications were identified by a search of PubMed between 2000 and 2010, limited to reports in English. The search for postirradiation brain abscess contained the terms brain abscess AND (post irradiation OR radio) AND nasopharyngeal carcinoma. This search identified 12 cases (eight men and four women) reported in four studies (Table 1 ). The mean age was 54 ± 9 years and the latent period ranged from 1 to 14 years (average 8 ± 6 years). The phenomenology indicated fever (8/12), headache (4/12), consciousness disturbance (3/12), elevated white blood cell count (3/12), neck stiffness (2/12), drowsiness (2/12), vomiting (2/12), hemiplegia (2/12), and epilepsy (1/12). Among the five cases that provided neuroimaging, all lesions presented rim-enhancing post-contrast with perifocal edema in the temporal lobe; two lesions were located in the left lobe and three in the right. A skull base bony defect or osteoradionecrosis was noted in five cases and another three reported by Cheng et al [5] . had received previous steroid treatment.
The majority of cases (9/12) received surgical treatment, while one was reported as an urgent operation. The prognosis varied: six cases out of 12 reported recoveries, five died and one was unknown. 
Discussion
Radiation-induced cerebral injury is increasingly encountered as a result of aggressive treatment. At the time our patients were treated, the typical total dose for radiotherapy in China was 70-72 Gy. The common sites are in the medial and inferior parts of the temporal lobes, which lie close to the skull base. The damage is classified into acute, subacute, and late/delayed, based on the time of occurrence [7] . Late radiation effects generally occur from six months to many years after treatment, while the peak period is between one and three years [8] . The incidence of temporal lobe radiation injury ranges from 3 to 20% [3, 4] .
Post-irradiation brain abscess is suspected to develop on the basis of radionecrosis. Disruption of the blood-brain barrier by radiation increases the risk of infection and the development of abscesses in brain tissue. Liang et al [6] , in a casecontrol study, suggested that post-irradiated NPC patients with skull base osteoradionecrosis are prone to CNS infection. The high prevalence of otitis media or rhinosinusitis in post-irradiated NPC cases [9] , and the possibility of a bony defect caused by tumor invasion may contribute to abscess formation. Moreover, corticosteroid, which is considered to be necessary treatment of necrosis induced by radiotherapy, may increase the incidence of abscess formation [5] .
Patients with a brain abscess within a radionecrotic site are easily overlooked. Although the most frequent clinical features reported are fever, headache and other presentations indicating infection, many patients may show atypical manifestations on admission. Cranial MR and CT scans readily show cystic lesions in the temporal lobe; however, it is difficult to determine whether it is an abscess, because cystic lesions can also be caused by radiation necrosis and NPC recurrence [5] . Fortunately, advanced imaging technology may be helpful for differentiation, especially MRI. An increased DWI signal with a diminished signal in the ADC map may point more to an abscess, while low-signal intensity on DWI tends to indicate necrosis or tumor recurrence [10] . At perfusion-weighted imaging, low values in the peripheral areas often indicate an abscess, whereas high values suggest a necrotic tumor [11] . On MRS, brain abscesses show decreased NAA levels and increased lactic acid levels [12, 13] . Moreover, positron emission tomography and single photon emission computed tomography may also assist differential diagnosis [14] . Hence, we recommend regular multi-modality neuroimaging follow-up in NPC patients after radiotherapy, especially for those who have cystic lesions within a radionecrotic lesion, to detect a brain abscess early.
Nine cases receiving surgical treatment have been reported, but only one was described as urgent. None of the 12 cases noted brain hernia, but three presented with disturbance of consciousness, which is suspected to indicate brain herniation and a poor prognosis. The patient in case 2 was diagnosed as post-irradiation brain abscess assisted by DWI and MRS, but medications including antibiotics and mannitol did not prevent it from developing into brain hernia. The release of increased intracranial pressure and clearance of infected and necrotic tissues are crucial for the treatment of a brain abscess. Hence, surgery may be considered immediately if drug therapy is unsatisfactory.
Early detection of brain abscesses will help to avoid disastrous outcomes. Therefore, regular multi-modality neuroimaging follow-ups are suggested for post-irradiation NPC patients.
